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The gigantic rock folds in the Canadian Rocky Mountains sculptured by ice. 
The Origin of the Rocky Mountains* 
As Told by Evidence Gathered by the Geological Survey of Canada 
THE elevated and mountainous tract which borders 
the western portion of North America is made up of a 
number of parallel mountain systems, which trend 
northwest and southeast and hence parallel in a gen­
eral way the corresponding Pacific coast line. This 
tract, kllOWI) as the North American Cordillera, has a 
width of four hundred miles in southern British Co­
lumbia. 
In an endeavor to describe the origin of the _Rocky 
Mountains it may be well to precede the discussion by 
a general analysis of the North American Cordillera 
in Canada. This has been admirably done by Prof. R. 
A. Daly, whose monumental work on the geology of 
these mountains has just been published. The basis 
for the classification of the Cordillera is the great topo­
graphic or geographic breaks which cut it up into dis­
tinct mountain systems. These geographic breaks are 
expressed in the form of longitudinal valleys which 
are remarkable features of the Cordillera and, as far 
as present knowledge goes, they coincide with the great 
structural breaks on which a genetic classification of 
mountains should be based. 
On approaching the Cordillera from the east the first 
range of the Rocky Mountain system rises from the 
monotonous plains in a long, abrupt line of serrated 
peaks, flanked at the base by a low raRge of foothills. 
This system extends from Montana to the Arctic Ocean, 
in the form of an elongated chain composed of three 
major segments, arranged in echelon, in which each 
successive northern segment is, as it were, stepped to 
the west. Each segment is composed essentially of 
a remarkable system of parallel ridges, whose strike 
corresponds to the general trend of the main range. 
The average width of the Rocky Mountain system in 
Southern British Columbia and Alberta is about sixty 
miles, while at the Liard Ri,ver it apparently loses its 
regularity and importance, only to again assume the 
same character farther north. In British Columbia 
and Alberta many peaks exceed 10,000 feet, while the 
average elevation ranges between 8,000 and 9,000 feet. 
On the west of the Rocky Mountain system occurs the 
Great Rocky Mountain trench, a continuous geographic 
break, recognized from Montana as far north as Alaska, 
crossing the international boundary line in the vicinity 
of Dawson. In the southern part of the Cordillera in 
Canada, the Purcell Range-an elliptical-shaped mass 
of rugged mountains, occurs west of the Rocky Moun-
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tain trench. Separating the Purcell system on the 
east, from the Selkirk Range on the west, is the Pur­
cell trench in which occur Kootenay River and Koote­
nay Lake. West of the Selkirk Range and separated 
from it by the Selkirk valley, comes the Columbia 
system. The last three systems, the Purcell, Selkirk, 
and Columbia, trend very close to north and south, and 
hence are terminated to the north by the Rocky Moun­
tain system which, trending northwest-southeast, cuts 
them off. The Columbia Range gradually passes into 
the Interior Plateaus, characterized by low rounded 
hills and plateau-like upland stretches, having a mean 
elevation of 3,800 feet above sea level. This is suc­
ceeded to the west by the Coast Range, which parallels 
the Pacific coast, hence trending in a northwest-south­
east direction. The descent into the Pacific is pre­
cipitous and many deep fiords mark its contact. The 
most westerly subdivision of the Cordillera is the Van­
couver Range constituted by Vancouver Island and the 
Queen Charlotte Islands. The southern extension of 
this island festoon is the Olympic Range of Oregon. 
DISTRIBUTION OF ROCKS. 
For the purpose of description the Canadian Cordil­
lera can be grouped into two basins of sedimentation: 
a Pacific basin extending from the Columbia system to 
the Pacific Ocean; and an Eastern basin covering the 
area from the Columbia system to and including part 
of the Great Plains. These basins geologically can be 
considered as units in a genetic sense. 
The Columbia Range consists in great part of ancient 
gneisses and schists, the oldest rocks in the Cordillera. 
These rocks formed at one time the old land mass 
which extended in a northwest-southeast direction from 
Central America to the Arctic Ocean. The greater part 
of this old land is buried under recent deposits or 
has been destroyed by the invasion of vast quantities 
of molten rock. The majority of these gneisses and 
chists are of sedimentary or waterlain origin and hence 
must have been derived from a still more ancient land 
now unknown and shrouded in mystery. To the east 
and west of this old land lay basins in which sedi­
ments derived from it by agents of degradation accumu­
lated in vast quantities, for the most part, on an ocean 
floor. 
'l'he IDastern basin, or geosynclinal, which forms the 
subject of this article, includes the area now occupied 
by the Selkirk, Purcell, and Rocky Mountain systems. 
The Selkirk and Purcell ranges, with a geological his-
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tory similar to that of the Columbia Range, consist in 
great part of bedded rocks of pre-Cambrian age, in­
truded by masses of igneous rocks of the granite family. 
The Rocky Mountain system, the youngest member of 
the Cordillera, is composed almost entirely of bedded 
rocks ranging from early Palaeozoic to late Cretaceous, 
while the Great Plains are underlain at the surface by 
deposits of Cretaceous and of Tertiary age. 
Deposits of the last geological epoch, the Pleistocene, 
or Glacial period, are scattered sporadically over the 
entire Cordillera. 
BUILDING OF THE PURCELLS. 
If we could stand on the ancient land in the neigh­
borhood of the Columbia range in pre-Cambrian time, 
to the west could be seen a rolling and monotonous 
landscape of moderate relief, while to the east, as far 
as eye could see, a shallow sea in which was being 
deposited sand and mud derived from the gradual wear­
ing away of the old land by atmospheric agencies and 
by running water. That this sea was shallow and 
remained shallow till Cambrian time is evidenced by 
the ripple marks, mud cracks, rill marks, and the casts 
of salt crystals now preserved in these hardened muds. 
At the dawn of the Cambrian period this ancient sea 
became greatly enlarged, and mingled its waters with 
those of the ocean. This mingling permitted the life 
which inhabited the ocean to invade the shallow con­
tinental sea, for it is in these deposits that we find for 
the first time definite fossil remains in the form of 
trilobites, brachiopods and marine worms. After this 
period the waters in the sea gradually deepened and 
marine invertebrate life abounded This is shown by 
the presence of limestones containing abundant re­
mains: brachiopods, corals, and lamellibranchs in the 
Devonian and Carboniferous formations of the Rocky 
Mountains. During Jurassic time, represented by the 
deposition of marine, carbonaceous muds, the first fore­
casts of a great mountain building period were regis­
tered. During the latter part of the Jurassic, or early 
Cretaceous, the>'Purcell Mountains were built. They 
consist of immense folds of stratified rocks forming 
typically folded - mountains strongly resembling the 
Juras of Europe and the Appalachians of .the Eastern 
United States. The area affected by this folding is rep­
ref'ented on our modern maps as constituting the land 
flS far east as the Kootenay-Columbia vall�y or Rocky 
Mountain trench. It was in the neighborhood of this 
trench that the western shore line of the continental sea 
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Looking south along the range. Note the steep eastern and the gentl� western slopes. 
stood after the Jurassic Revolution. It had been shift­
ed from the Columbia Range as far east as the western 
part of what is now represented by the Rocky Moun­
tains. 
THE ORIGIN OF THE ROCKY MOUNTAIN SYSTEM. 
After the building of the Jurassic or early Cretaceous 
Mountains, they were at once subject to destruction by 
the agencies of erosion. The results of this 'erosion 
can be seen in the Cretaceous strata of the Rocky 
Mountain system. From a study of these strata, which 
for the most part are composed of conglomerates (wa­
ter-worn pebbles) and carbonaceous shales (hardened 
muds) with which are associated many seams of coal 
and impressions of fossil plants, it may be concluded 
that at certain times the Cretaceous sea was shallow 
enough to have a dense jungle growth thrive upon its 
vast deltas formed from the material derived from the 
destruction of the Jurassic mountain ranges (Purcell 
and Selkirk) to the west. Sedimentation continued 
throughout the Cretaceous until sufficient stress had 
accumulated locally in this part of the earth's crust 
for the generation of another great mountain system, 
the Rocky Mountain system proper. For the formation 
of this great thiekness of Cretaceous strata, the Purcell 
and Selkirk ranges were worn down to a low rolling 
landscape over which the meandering streams wandered 
sluggishly. This landscape, in ,technical language, is 
calied a peneplain, and since it was formed during Cre­
taceous time, a Cretaceous peneplain. 
At the close of the Cretaceous or in early Tertiary, 
the Rocky Mountains were formed. The earth's crust in 
this region was raised first in a series of gigantic folds 
with their longer axes trending northwest-southeast 
or parallel to the Pacific coast. In the eastern part 
of the range blocks of the crust were pushed up and 
carried bodily over the surface for a distance, in the 
case of the most eastern blocks seen east of Banff, of 
eight miles. Thus the Rocky Mountain system is a' 
series of parallel ridges with steep faces to the east 
and gentle slopes to the west, and, in a view from one 
of the higher peaks, strongly resembles the parallel 
waves of the sea as they approach the shore. This 
simile is made more striking by the presence of the 
snow and ice on the northeastern slopes of the peaks 
in strong contrast to the deep green coloration of the 
forest covered valleys. In the picture the snow and 
ice sparkling in the sun represents the foam on the 
waves and the green forest, the cool depths of the ocean. 
GNAWING OUT THE VALLEYS. 
The initiation of a mountain chain by the folding 
of any portion of the earth's crust marks the beginning 
of its destruction. Rain descending on this elevated 
portion collects into streams which rapidly, in a young 
mouptain ridge, gnaws for itself a valley in the folded 
strata. This first ridge problably will form the axis 
of the range. The next ridge which rises will be the 
scene of a battle of giants seeking supremacy. The out-
going stream endeavors to maintain its course to the 
sea across the rising ridge, which offers a barrier to 
its progress. From an examination of the transverse 
streams of the Rocky Mountains we see the victory in­
variably rested with the streams which now cut through 
the folds and fault blocks. These through-going val­
leys, making it possible for the trans-continental trains 
to reach the Pacific, have become the highways of 
commerce and travel. Such valleys are occupied by 
the Crowsnest Branch and the main lines of the Cana­
dian Pacific and the Grand Trunk Pacific Railways. 
These streams are termed antecedent streams since 
they kept their course in spite of the barriers raised 
(by the mountain uplift) against their progress. The 
longitudinal streams, on the other hand, occupy weak 
portions of the mountain area. In the Rocky Mountains 
they occur in areas of Cretaceous rocks which, being 
composed of soft shales, sandstones and conglomerates, 
are more easily eroded than the Devono-Carboniferous 
limestone on either side. These streams, called subse­
quent streams, since they are initiated subsequent to 
the mountain building, are tributary to the thorough· 
going or antecedent streams. The position of the val­
leys in the Rocky Mountains, in contrast to that of 
the' Purcell Range to the west, depends entirely upon 
the structure of the mountains, that is, the drainage 
is impressed concordant with the folding and faulti�g 
of the underlying bedded rocks and hence the valleys 
belong to one cycle of erosion. In contrast to this, the 
drainage of Purcell Range is entirely independent of 
structure and its history can be referred to two cycles. 
In the first, during Cretaceous time, it was worn down 
to a peneplain, then uplifted concomitantly with the 
formation of the Rocky Mountain system. This uplift 
rejuvenated the streams, which again eroded out the 
present valleys which can be referred to the second or 
Tertiary cycle of erosion. 
SCULPTURINH OF THE MOUNTAINS BY GLACIERS. 
The final molding of the Rocky Mountains into their 
present form is due to the erosive action of ice. An 
examination of any area within these mountains would 
show that the heads of nearly all the streams termin­
ate in a beautiful lake or tarn nestling in a rock basin. 
The basins are called cirques and owe their origin to 
the work of snow and ice. The configuration of this 
mountain tract previous to the Glacial period was natu­
rally marked by inequalities in the upland stretches and 
in these inequalities snow would collect which, on the 
arrival of the Glacial period, would not completely melt 
during the summer months and would continue to col­
lect until, with the precipitation in the winter far ex­
ceeding evaporation in the summer, the collection of 
ice would slowly move down the slopes into the valleys. 
The inequalities which would be filled with snow would 
gradually enlarge by the movement of the water under­
neath the snow and even by the snow itself as it crept 
1 D. W . .Johnson, Soienoe, new series, Vol. 9, 1899, p, 106. 
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slowly down the slope. With increasing diameter these 
depressions would be occupied first by a permanent 
snowfield and finally by the neve of a glacier. Plucking 
action along the bergschrund would now rapidly push 
erosion headward. This action is well described by D. 
W. Johnsont, who descended 150 feet into a bergschrund 
in a glacier in the Sierra Nevada. "It was in all stages 
of displacement and dislodgement, some blocks having 
fallen to the bottom, others bridging the narrow chasm 
and others frozen in the neve. Clear ice had formed 
in the fissures of the cliff, it hung down in great stalac­
tites, had accumulated in stalagmitic masses on the 
floor." Here he states that for a considerable part of 
the year there would be "a daily alternation of freez­
ing and thawing. Thus a cliff would be rapidly under­
mined and carried back into the mountain slope, so that 
before long the glacier would nestle in the shelter of its 
own making. The ice grips like forceps any loose or 
projecting fragment in its rocky bed, wrenches it from 
its place and carries it away. . . . as the cirques re­
ceded, only a narrow neck would be left between them, 
which would ultimately be cut down into a gap or col. 
Thus a region of deep valleys, with precipitous sides 
and heads, of sharp ridges and of more or less isolated 
peaks, is substituted for a rather monotonous, if lofty, 
highland." 
From the above description it can be seen that the 
detailed beauty of the Rocky Mountain system with its 
castellated crags, horns, cols, aretes, and cirques, is 
not due to the forms originating with the building of 
the mountain ranges: this merely places the foundation 
for the subsequent superstructure which is created in 
its main outlines by the erosion of running water, while 
the' final decorations are furnished by the artistic touch 
of snow and moving ice. 
Explosion of an Electric Transformer 
THE explosion of a large electric transformer in South 
Africa appears to have developed a new fact that was 
not before known. In taking down the transformer for 
'repairs the workmen proceeded to drain the expansion 
tank located above the transformer of the oil it con­
tained, and before doing so a workman held a lighted 
inatch over a sight hole in the tank, when a severe 
explosion occurred that either killed or severely burned 
every man present, besides setting fire to everything 
inflammable in the transformer chamber. As the oil in 
the tank was not above 34 deg. Cent., and its flash point 
was 140 degrees, the gas that caused the explosion 
could not have be�n oil vapor, and experiments were 
instituted using extra high tension discharges under 
transformer oil. Samples of the resulting gases were 
collected, which, on analysis, proved to contain at least 
62 per cent hydrogen. It is evident from this experi­
ence that great care should be exercised not to allow 
a naked light near transformer oil tanks or oil switchef< 
until they have been thoroughly ventilated. 
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